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D^cription 

Background of the invention 

This invention relates to opto-electron.c scale- 
r^dino aooaratus for use in measuring relative 
displacement of two members. In m*n sue., 
apparatus e.g. British Patent No. 1,504,691 the 
scale comprises a diffraction grating co-operating 
with at least one other grating on a read head to 
produce interference fringes which move relative 
to the read head during a said displacement of the 
members, and said measurement is a count of said 
fringes. It is clear that such a scale has to be of 
diffraction quality, i.e. the accuracy and rehab to* 
of the measurement depends on such parameters 
as the regularity of the spacing of the scale marks, 
the sharp definition of the edges of the .marks, and 
the freedom of the scale from scratches and like 
imperfections. Such a scale can be expensive to 
produce and protect especially when the scale has 

to be relatively long. . 

It is among the objects of this invention to 
overcome or reduce this difficulty. 

It is also known to increase the number of 
signals obtainable from any two adjacent marks of 
the scale by phase quadrature interpolation 
Known scale-reading apparatus can be > subject to 
phase errors and consequent interpolation errors. 
It is optionally an object of this invention to 
overcome or reduce this difficulty. 
The scope of the invention is specified in Claim 1 

hereto. .. ...,,». nr H;nntn 

It will oe seen tnai in mo « K , L . t«»«, 

this invention the diffraction mechanism takes 
place entirely in the read head. The scale is merely 
required to provide a pattern of light sources Thus 
the scale is not required to be a diffraction grating 
and the provision of the marks on the scale does 
not have to be of diffraction quality. The se condary 
periodicities may be due to the scale having 
relatively imperfect markings or the markings of 
the scale may be capable of being produced with 
greater economy than in known apparatus. 

Further, the read head according to this inven- 
tion is inherently convolutional, i.e. the fringes 
constitute a convolution of the scale 'P***™™ th« 
substantially sinusoidal pattern. This makes the 
read head substantially free from phase quadra- 

'"In e^chtf US-A-3,796.498. US-A-4,049,965 
and GB— A— 2,095,399 there is shown apparatus 
for measuring displacement between two mem- 
bers wherein use is made of a scale capable of 
producing diffracted orders. Such a scale must 
necessarly have marks which have a single 
periodicity and there is no indication of the 
presence of secondary periodicities defining 
departures from a single periodicity or of a spatial 
filter having a pass band defining a maximum such 
departure. 

Description of preferred embodiments 

Embodiments of apparatus according to this 
invention, will now be described with reference to 
the accompanying drawings wherein:— 



Fig. 1 is a-plan.yjew of the app aratu s, 
Fig. 2 is a perspective view of Fig. 1, 
Fig 3 is an enlarged detail of Fig. 1, 
Fig. 4 is a light ray diagram of a first embodi- 

5 ment, , . 

Fig. 5 is a light ray diagram of a second 

embodiment, 

Fiq 6 is a first diagram showing at (a) the 
response curve of a filter and at (b) a scale 
to periodicity variation. 

Fig 7 is a second diagram showing at (a) the 
response curve of a filter, at (b) a band of scale 
periodicities, and at (c) a different position of the 
latter band, 

is Fig. 8 is a third diagram showing at (a) the 

response curve of a filter, at (b) a band of scale 
periodicities, and at (c) a different position of the 

latter band, , 
Fig 9 shows at (a) an enlarged representation of 
20 a scale showing a modulation of the scale marks, 

and at (b) demonstrating the ramp characteristic of 

this modulation. 

Fig 10 is a diagram of characteristics of the 

modulation showing different such characteristics 
25 at (a) and (b), and 

Fig. 1 1 is an enlarged representation of a sea le 

showing at (a> amplitude modulation of the scale 

periodicity and at (b) the binary characteristic of 

the modulation in this case. 

30 

General description of apparatus 

Referring to Figs. 1 to 3, there is shown a linear 
scale 10 secured to a track 11. A read head 12 * 
secured to a carriage ia supponeu on i mo trac- . . . 
35 for linear movement in a direction X being the 
direction of the length of the scale. The scale has 
marks 14 (Figs. 2, 3) defined by lines extending in a 
direction Y perpendicular to the direction X. The 
head 12 has an axis 12A extending in a direction Z 
40 perpendicular to both the directions X and Y. The 
head embodies a light source 15 positioned to 
illuminate the scale over a range 16. The head 
further comprises, in succession from the scale 10 
and along the axis 12A, a first or index grating 17, a 
45 second or analyser grating 18, a lens 19, and a 
sensor assembly 20 preferably comprising sensor 
sections 21 (Fig. 2) having output signals 22 
representing movement of the carriage 13 along 
the track 11. 

so The relative position of the scale 10 and the 
qrating 17 is such that the light from the source 1 5 
is reflected at the marks 14 to form a light pattern 
illuminating the grating 17. 
The scale 10 (Fig. 3) comprises a body 10B to 

55 which the marks 14 are applied at a given 
periodicity, i.e. at given periods of pitches. The 
marks may have a single periodicity indicated by 
periods H Alternatively, the marks may be arranged 
?n accordance with a number of periodicities 

so defining a band, the "scale band", and including 
said single periodicity as a dominant penodjaty 
among a range of secondary periodicities, all as 
defined later herein. The scale band may be 
Produced by a random variation in the periods of 

55 the markings along the length of the scale. 
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Said random variations are. indicated in_Fig.. 3, 

as a surface structure 23 having substantially 
randomly distributed reflective regions 24 
including regions having the "period PI r Such* a 
scale profile can be more economical to produce s 
than a scale in which only a single periodicity is 
present. As will be explained in detail later herein, 
the apparatus includes a filter F constituted by the 
grating 17 and by a sampling region 16 spanning 
a portion of the length of the scale and determin- io 
ing the pass band of the filter F. The dominant 
periodicity of the light pattern defined by the scale 
marks 14 lies within the pass band of the filter. 
The filter responds to the latter light pattern and 
acts on the sensor 20 to produce the signals 22. rs 

Filter geometry 

The regions 24 define notional light sources 
and the grating 17 is spaced from the scale 10 to 
be illuminated by said sources and, by diffraction, 20 
to produce fringes 30 in a fringe plane 30A located 
at the side of the grating 17 remote from the scale 
10. Referring to Fig. 4, the grating 17 is an 
amplitude grating, typically a Ronchi grating, and 
use is made of the diffraction phenomenon 25 
known as "self-imaging" of "Fourier imaging" of 
periodic transmission masks. 

This phenomenon requires for this type of 
grating that the following expressions are satis- 
fied: 30 

1/u+1/v=A/(nxD2 2 ) (1) 

D2/D3=u/(u+v) (2) 

35 

D2/D1=v/<u+v) (3) 

wherein: 

u=the distance between a generating plane 
31 A and the grating 17, the plane 31 A lying in the to 
XY directions and containing a notional point 
source 31 being of substantially monochromatic 
light and giving rise to the fringes 30 which are 
represented by a square wave, as shown, since 
these fringes are a self-image of the grating 17; 45 

v=the distance between the gratings, 17, 18; 

\=the wave length of the light; 

D1 =the pitch of a plurality of said point sources 
lying in the plane 31 A and co-operating to re- 
inforce the fringe pattern; so 

D2=the pitch of the grating 17; 

D3-the pitch of the grating 18; 

n=a positive integer. 

The head 12 and the scale 10 are matched by 
making the pitch D1 of the head and the pitch PI 55 
of the scale the same, and the head is so posi- 
tioned relative to the scale that the plane 31 A of 
the light sources 31 is substantially coincident 
with the plane, 10A, of the scale. The notional 
light sources 31 are then actual sources defined 60 
by light reflected from surface features of the 
scale forming the dominant periodicity PI and 
associated secondary periodicities. 

During relative movement of the head 12 and 
the scale 10, the resulting movement of the 65 
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notional light sources 31 in the generating plane 
31 A in the ^ direction X produce~s~a~cbrresponding 
movement of the fringes 30, also in the direction 
X, relative to read head 12. If u and v are equal, 
the amount of the movement of the fringes 30 
relative to the read head 12, is the same as that of 
said relative movement of the head and the scale. 
A hypothetical point sensor 21 X situated in the 
plane 30A of the fringes will detect fluctuations in 
light intensity as the fringes pass across it. The 
grating 18 has a pitch D3 equal to the fringe pitch 
D4 and is arranged for its plane 18A to coincide 
with the plane 30A. 

The sensor sections 21 are provided for sensing 
sub-divisions of the fringe pitch conveniently 
generated by dividing the grating 18 into sections 
18B (Fig. 2) whose grating marks are mutually 
offset. Four such grating sections 18B, and corre- 
spondingly four said sensor sections 21, may be 
provided to divide the fringe pitch by four. 
Alternatively, a similar effect is achieved by 
placing the grating 18 in a tilted position relative 
to the grating 17 thereby to produce at the plane 
30A moire fringes sensed in phase quadrature by 
the sensor assembly in a manner known per se. 

It will be clear that, in this example, the per- 
formance of the head 12 is governed by relatively 
strict adherence to the relationships given by 
equation {1 ). Notably, the formation of the fringes 
is dependent on wave length. Departure from an 
ideally single wave length causes reduction in 
contrast of the fringes. This reduction is made 
worse as the value of n is increased although a 
high value of n may be desirable for practical 
reasons e.g. so as not to be restricted to too small 
a spacing of the head 12 and the scale 10. 
However, a practical head can be constructed by 
using values n between 2 and 16, together with a 
value of 20 urn for D1 and a wave length of 900 
nanometers. 

Inevitably small variations in the spacing 
between the head and the scale can produce 
reading errors. The lens 19 which is introduced to 
overcome this difficulty is a telecentric device 
having a front focal plane preferably lying at the 
scale plane 10A and a rear focal plane lying at the 
plane, 21 A, of the sensor assembly, and the lens 
19 allows said variations without necessarily 
invalidating equation (2) and/or (3). 

In the second embodiment (Fig. 5) the para- 
meters of the head 12 are given wholly by: 

D2/D3=2u/(u+v) (4) 

D2/D1=2v/(u+v) (5) 

1/u+1/v=A/[(n+l)xD2 2 ] (6) 

The restriction of equation (1) does not apply at 
all in this case. However, equation (6) should be 
applied when n is low and/or the light is sub- 
stantially monochromatic. Otherwise, the fringe 
contrast is substantially independent of wave 
length and broad-band light, e.g. white light, may 
be used. Further, in this embodiment, fringes of a 
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igiven pitch are formed dependent only on the 
. ratio Jv and not on the absolute values u and v 
There is some loss of fringe contrast associated 
with the formation of fringes in this case, but this 
... u.. .._:~„ 9 nhace nratina for the 

is overcome u> «*»■■. » - i w - 

arating 17. Generally, this embodiment would be 
the preferred embodiment of the invention. 

The pitch D1 is also referred to as the "nominal 
periodicity" of the filter, and the "Iter may be said 
to be tuned to read only those marks 14 of the 
scale 10 which have the nominal penodicity of the 
filter or as will be explained, which lie within the 
pass band of the filter. ........ n 

A housing 12B (Fig. 1) supports the gratings 17, 
18 at the spacing v and a support means supports 
the housing 12B relative to the scale 10 at the 
distance u between the scale 10 and the grating 
17 In the present example said support means is 
defined by the track 11 and the carriage 13. 

Convolution ir . ., „„, 

It can be shown on the basis of Fourier theory, 
that an optical convolution is performed between 
the two patterns, being respectively the scale 
patterns 24 and. the fringe patterns 30. due to a 
sinale light source 31 illuminating the grating 17 
(Fids 3,' 4, 5). Since the fringe pattern is sub- 
stantially sinusoidal, it can be shown that said 
convolution represents a spatial filtering of the 
light distribution of the scale in favour of the 
spatial periodicity of the fringe pattern produced 
wT. .,iH cinni A liaht source. In other words, the 
head" 12 is'a tuned spatial filter. The tittering 
action is strengthened by a second convolution in 
this case between the fringe pattern 30 and the 

9l The convolutions! character of the read head 12 
has the advantage that the read head 12 is 
substantially independent of angular misalign- 
ment, particularly about the Z axis, between the 
read head 12 and the scale 10, thus rendering the 
read head substantially immune to quadrature 
phase error due to such misalignment. This is due 
to the fact that the gratings 17, 18 are fixed one 
relative to the other and the fringes 30 have a 
fixed alignment with the lines of the grating 17. 
Therefore, the head 12 can be set up, relative to 
the scale, by simple mechanical methods, such as 
setting gauges and it is not normally necessary, 
during setting up, to monitor the phase of the 
signals 22 and make adjustments in the head 
position to eliminate phase errors as between the 
respective signals 22. 

Relationship of filter and scale 

The spatial filter is adapted to pass a band of 
periodicities constituting the pass band of the 
filter (or the "filter band") which is the inverse of 
the length of the illuminated or sampling region 
16 (Fig. D insofar as that region lies within the 
optical aperture, 16F, of the grating 17. 

The region 16 may be illuminated over a length 
16S2 less than a length 16S1 corresponding to the 
greatest possible aperture 16F of the grating 17 in 
which case the effective aperture is less than said 
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g reatest possible aperture: Trr any case,- the-f liter 
band is the inverse of the region 16 i.e. the greater 
-the length of- the region 16 the narrower is the 
filter band and vice versa. In practice, given that 
the scale has the periodicity ^;J^ mer F ,s 
designed to match the periodicity PI, an_ t. « 
pass band of the filter F is chosen in terms of said 
region 16. To cope with a given tolerance in the 
actual periodicity of the scale, i.e. in the spacing of 
the marks 14, due to manufacturing tolerances, 
the pass band of the filter is made sufficiently 
wide to include that tolerance. However, the 
dominant scale periodicity P1 needs to be detect- 
ably present on the scale in the sense of lying 
within said sampling region 16 and within the 
pass band of the filter. 

Fig 6 is a diagram showing the relationship 
between a given pass band FBI of the filter and the 
dominant periodicity PI as the only periodicity of 
the scale. The curve Fa represents the whole 
response of the filter F in terms of the contrast FC 
of the fringes 30 for different scale periodicities 
SP. A fringe contrast above a line FC1 is sufficient 
to produce a signal 22 (Fig. 2). ...... 

So long as the periodicity PI lies within the 
band FB1, the filter F can respond to it and 
nrnduce a sional 22 of acceptable amplitude. 
While being uniform within the sampling region, 
in any one position of the read head along the 
scale, the periodicity PI may vary, as between 
different positions of the sampling region along 
the scale, over a range P1A and produce a signal 

P1A lies within the filter 
band FBI? The filter responds in sympathy with 
any changes in the periodicity within the range 
P1 A 

This is acceptable for a given error tolerance. 
However, the arrangement has the advantage of 
relatively good freedom from phase quadrature 
error. In a typical example, the nominal periodic- 
ity is 20 \xm and the width of the pass band is 0.1 
urn for a sample period 16 of 10 mm. If the range 
P1 A is 0.05 Mm, the error tolerance would have to 
be 0.25%, i.e. 2.5 mm per m. However, this can be 
compensated for and be reduced, typically, to 20 

urn per m. . _,. . . 0<10 

Fig. 7 shows a band of scale periodicities PI B 
present within the sampling region 16 and 
including the dominant periodicity PI sub- 
stantially at the centre of the band. If the domin- 
ant periodicity coincides with the nominal 
periodicity of the filter, the filter response is »n 
accordance with the nominal periodicity. How- 
ever if, as shown as (c) the position of the scale 
band relative to the pass band of the filter is such 
that the dominant periodicity lies to one side of 
the nominal periodicity of the filter, the filter tends 
to respond to a scale periodicity Px closer to the 
nominal periodicity of the filter than the dominant 
periodicity; the dominant periodicity must still lie 
within the pass band of the filter. A consequence 
of this arrangement is that the accuracy of the 
apparatus is higher than in the example of Fig. 6. 
In other words, the introduction of a band of 
periodicities about the dominant periodicity, 
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leads to improved accuracy while still maintain- 
ing said relatively good freedom from phase 

quadrature errors. 

Fig. 8 shows a scale band P1C exceeding the 
filter band FB1. In this case, even though the 
dominant frequency still remains within the pass 
band FB1, the filter can see scale periodicities, not 
only in the pass band, but over the entire range, 
FB2, of the filter curve Fa. This contributes to 
building up improved accuracy by virtue of allow- 
ing the filter to respond even more closely to its 
nominal periodicity. 

Scale geometry 

Fig. 9 represents a part length of the scale 10 
showing positions P spaced along the scale at the 
dominant periodicity defined by the periods P1. A 
pair of reflective marks 14/1 are provided at two 
adjacent positions P at regular intervals I along 
the scale. The intervals I are each an integer 
multiple of the period PI and the sampling region 
16 substantially extends over a distance equal to 
one such interval I. In an example, the period P1 is 
20 pm, the interval I is 8 mm and the sampling 
region is 10 mm. 

Further reflective marks 14/2 are provided on 
the scale in positions offset from the positions P 
by departures or distances D, thus giving rise to 
secondary periodicities defined by periods P2 
which, in this example, vary in accordance with a 
ramp-shaped characteristic. Alternatively, the 
characteristic may be sinusoidal {Fig. 10a) within 
each sampling region with corresponding 
sinusoidal variation in the secondary 
periodicities. Alternatively, the distances D may 
vary so that the characteristic is random (Fig. 
10b). 

In most cases it is desirable that the maximum 
departure D from any one position P is less than 
one half, preferably one quarter, of the period P1 
because any greater such departures could result 
in destructive interference in the filter F such that 
certain periodicities, including the dominant 
periodicity, are not detectable. This would lead to 
a condition that all or some periodicities are no 
longer detectably present in the apparatus with 
consequent failure of the reading. 

The foregoing departures D may be described 
as phase or frequency modulation of the scale 
marks. Amplitude modulation may be provided 
(Fig. 11) by arranging the marks 14 at selected 
groups of positions P while leaving the remaining 
positions P unmarked as shown at PO. The 
unmarked positions may vary in any appropriate, 
regular or random pattern. 

It would not be appropriate from the modula- 
tion point of view if, for example, every second or 
third position P were unmarked i.e. if the period 
between any two marks 14 were the same integer 
multiple of the nominal periodicity D1 of the filter, 
but this may in fact be done to provide what is in 
effect a coarse-pitch scale. 



Claims. 



1. Apparatus for measuring displacement 
" between two members, (11, 13), comprising: 

5 a) a scale (10) on one of the members having 

marks (14; 14/1; 14/2) defined by a light pattern, 

b) a read head (12) provided on the other 
member (13), 

c) periodic diffraction means (17) provided in 
io the read head for interacting with said light 

pattern to produce interference fringes (30) 
having movement relative to said read head (12) 
responsive to a said displacement, 

d) there being a nominal periodicity (D1, F1) de- 
is termined by the read head, being the periodicity 

the scale is required to have to satisfy the 
optical parameters (D2, u, v) of the read head, and 

e) detecting means (18, 20) for detecting said 
movement, characterised in that 

20 f) the scale marks (14; 14/1; 14/2) have 
secondary periodicities (24; P1A; P1B; Px; P1C; 
P2) offset from said nominal periodicity (D1, F1) 
by departures (D), 

g) means (16; 16F; 16S1; 15, 16S2)are provided 
25 defining the length of an effective sampling 

region of the scale (10), only light from said 
effective sampling region contributing to the pro- 
duction of said interference fringes (30), 

h) the diffraction means (17) and said means 
30 (16; 16F; 16S1; 15, 16S2) for defining the length of 

an effective sampling region constitute a spatial 
filter (F) passing said nominal periodicity (D1, F1>, 
and 

i) the filter (F) has a passband (FBI; FB2) 
35 determined by the length of said effective sam- 
pling region and defining a maximum said depar- 
ture (D), whereby secondary periodicities below 
said maximum departure contribute to produc- 
tion of said fringes (30), while secondary 

40 periodicities above said maximum departure (D) 
do not contribute to production of said fringes 
(30). 

2. Apparatus according to Claim 1, wherein said 
diffraction means (17) comprises a diffraction 

45 grating (17) spaced from the scale (10) to be 
illuminated by said light pattern (14, 31) and to 
produce said diffraction fringes (30) at a plane 
(30A) spaced from said grating (17) to the side 
thereof remote from the scale (10). 

so 3. Apparatus according to Claim 1 wherein said 

spatial filter (F) comprises a first diffraction grat- 
ing (17) spaced from the scale (10) to be illumi- 
nated by said light pattern (14, 31) and to'produce 
said fringes (30) at a fringe plane (30A) to the side 

55 of the first grating (17) remote from the scale (10), 
and wherein the detecting means comprise a 
second grating (18) situated at said plane (30A) to 
reveal a light modulation due to said movement 
of the fringes (30), the light from said light pattern 

60 (14, 31) passing in succession through the first 
and second gratings (17, 18) to the side of the 
second grating (18) remote from the first grating 
(17), and a sensor assembly (20) provided at said 
remote side of the second grating (18) for sensing 

65 said modulation. 
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* 4 Apparatus according to Claim 3 wherein the 
parameters <D2. u. v) of said-read-head (32Lare_ 
given by expressions: 



l/u +1/v=X/(nxD2 2 ) 
D2/D3=u/(u+v) 
D2/D1=v/(u+v) 



(1) 
(2) 
(3) 



W u-the distance between a plane (31A) contain- 
inj'said 6 SSt pattern (31); and said first grafng 

<1 v=the distance between said gratings. (17, 18); 
\=the wave length of the light; 
Dl-the pitch of said nom.nal per.od^ty 
D2=the pitch of said first grating I < 17 >' 
D3=the pitch of said second grating (18). 

parameters (D2, u, v) of said read head 12 are 
given by the expressions: 



D2/D3=2u/(u+v) 
D2/D1=2v/(u+v) 



(4) 
(5) 



10 
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W u=;he distance between a plane containing 
~m hnht oattern and said first grating (17)^ ^ 
"v=the distance between sa.a gra1.n9f.v-. — 
D1=the pitch of said nominal per.od.city 
D2=the pitch of the first grating |(«): 
D3-the pitch of said second grating (18). 
^APParaL according to Claim 1 wherein said 
spacer <F) has ^SLSSZSR 
S3S?Sft ne^arfd S aid P fi.ter band (FB) is 
nverseW proportional to said sampling region 

7 Appa?atu P s according to Claim 1 wherein said 
spatial filter (F) has an optical aperture 16F 
^; m .»n«sioned to read a corresponding first reaa 
?r r S?ae 06S1) of said scale (10) and limiting 
mLns ?15) foMimiting the scale (10) to a second 
3ng range (16S2) less than a said first reading 
(18S1) whereby a sampling region (16) of 
hpfJle iVdefined by said second reading range 
56S2) and S filte/band (FB, is inversely pro- 
portional to said second reading . rang 165^ 

8 Apparatus according to Claim 6 or Claim / 
wherein a dominant periodicity (PI) of said scale 
nons defined by positions (P) spaced along the 
scale said dominant periodicity being equal to 
?hfnomina, periodicity of the spatial i Hlter F) a 
said scale mark (14) is provided substantially at 
etch said position (P). such that the spacing of ^the 
marks (14) is uniform at least w.th.n said sam- 
Sfng region (16). and any non-uniformit.es .n sa.d 
spacing of the marks lie within sa.d pass band 
(FB1) of the filter (F). rioi m 7 

9 Apparatus according to Claim 6 or Claim 7 
wherein P a dominant periodicity (PI) of said scale 
nons defined by dominant positions (P) equally 
spaced a ong the scale (10), said dominant 
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oeriodicity (PI) is equal to the nominal periodicity 
mi F ) of the spatial filter (F), at least two scale 
marks 14/1) are present-at- respective sa.d-posi- _ 
tons P within said sampling region (16) 
c»iH marks (14/2) are provided on the 
sca^nO)' impositions offset from said dominant 
Positions (P) thereby to provide secondary 
periodicities (P2) combining to |£J"JJJ« J 
band (SB1). and said scale band (SB1) l.esw.tnin 
«:aid oass band (FB1) of the filter (F). 

10 Apparatus according to Claim 9 wherein 
sa d spatial filter (F) defines a .response cuive(Fa 
rnuerinfl a ranqe of periodicities (FB2) greater 
fhan said pas" band (FBI) of the filter (F) sa.d 
secondary periodicities (P2) extend at least over 

dominan? periodicity (PI I of said scale -s defined 
by positions (P) equally spaced along the swle, 
said dominant periodicity (PD being equal to sa.d 
nominal periodicity <D1, F1 ) of the spatia filter F), 
anTsaid scale marks (14) are prov.ded at selected 
«aid dominant positions (F3) only. 

12. Apparatus according to Claim 6 or Claim 7 
whe ein said read head (12) includes . a light 
source<1 5 >positionedto^ 

at said sampling region —». -■■- j 14 31 * 

said marks (14) produce the light pattern (14. 31) 
illuminating said action means ( 7 ) 

13. Apparatus according to Claim 12 as depen 
dent on Claim 7 wherein said light source (15) is 
Saoted to illuminate said second reading range 
(16S2) only thereby to limit sa.u »«>... • 

(1 ?4 Apparatus according to Claim 1 wherein the 
secondary periodicities arise by virtue of a ran- 
dom variation in the period of the marks along the 

^if/Apparatus according to Claim 1 wherein the 
second^ periodicities arise by ^virtue of e , ramp- 
<:haoed variation in the period of the marks. 

iTAppa atus according to Claim 1 wherein the 
second^ periodicities arise by of virtu of a 
sinusoidal variation in the period of t he mark s. 

17 Apparatus according to Claim 1 where n the 
secondary periodicities arise by virtue of 
scScnes'oMike imperfections s ^ herein 
18. Apparatus according to Cla m 1 therein 
said spatial filter (F) has an optical aperture (16 
16F- 16S1; 16S2), and said pass band (FBI, FB2) 
is defined by the extent of said aperture. 

19 Apparatus according to Claim 5 wherein the 
parameters of said read head (12) are additionally 
given by the expression 



1/u +1/v=X/l(n+i)x02 J ] 



(6) 
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wherein X is the wave length of the light 

eTn £ Apparatus according to Claim 5 or Claim 19 
wherein said periodic diffraction means (17) is a 
phase grating. 
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Patentanspruche 



1. Vorrichtung zum Messen des Versatzes 
zwischen zwei Elementen (11, 13), mit: 

a) einer Skala (10) an einem der Elemente mit 5 
durch ein Lichtverteilungsmuster bestimmten 
Markierungen (14; 14/1; 14/2), 

b) einem an dem anderen Element (13) vorge- 
sehenen Lesekopf (12), 

c) in dem Lesekopf zur Wechselwirkung mit io 
dem Lichtverteilungsmuster vorgesehenem 
periodischen Brechungsmittel (17), um Interfe- 
renzstreifen (30) zu erzeugen mit einer von einem 
besagten Versatz abhangigen Bewegung relativ 

zum Lesekopf (12); is 

d) wobei eine Nenn-Periodizitat (D1, F1) durch 
den Lesekopf bestimmt ist, welche die Periodizitat 
ist, die die Skala besitzen solite, um den optischen 
Parametern (D2, u, v) des Lesekopfes zu genugen, 

und 20 

e) Erfassungsmitteln (18, 20) zum Erfassen der 
Bewegung, dadurch gekennzeichnet, dafi 

f) die Skalenmarkierungen (14; 14/1; 14/2) 
gegenuber der Nenn-Periodizitat (D1, F1) um 
Abweichungen (D) versetzte Sekundar-Periodizi- 25 
taten (24; P1A; P1B; Px; P1C; P2) besitzen, 

g) Mittel (16, 16F; 16S1; 15, 16S2) vorgesehen 
ist, welches die Lange eines effektiven Abtastbe- 
reiches der Skala (10) definiert, wobei nur Licht 

aus dem effektiven Abtastbereich zu der Erzeu- 30 
gung der Interferenzstreifen (30) beitragt, 

h) das Brechungsmittel (17) und die Mittel (16; 
16F; 16S1; 15, 16S2) zum Definieren der Lange 
eines effektiven Abtastbereiches ein die Nenn- 
Periodizitat (D1, F1 ) durchlassendes Raumfilter (F) 35 
bilden, und 

i) das Filter (F) ein durch die Lange des effekti- 
ven Abtastbereiches bestimmtes Durchlafiband 
(FB1; FB2) besitzt, welches eine maximale Abwei- 
gung (D) bestimmt, wodurch Sekundar-Periodizi- 40 
taten unter der maximalen Abweichung zur 
Erzeugung der Streifen (30) beitragen, wahrend 
Sekundar-Periodizitaten uber der maximalen 
Abweichung (D) nicht zur Erzeugung der Streifen 

(30) beitragen. 45 

2. Vorrichtung nach Anspruch 1, bei der das 
Brechungsmittel (17) ein Brechungsgitter (17) mit 
Abstand von der Skala (10) umfa&t, zur Beleuch- 
tung durch das Lichtverteilungsmuster (14, 31) 

und zur Erzeugung der Brechungsstreifen (30) an so 
einer Ebene (30A) mit Abstand von dem Gitter 
(17) and dessen von der Skala (10) abgelegenen 
Seite. 

3. Vorrichtung nach Anspruch 1, bei der das 
Raumfilter (F) ein erstes Brechungsgitter (17) mit 55 
Abstand von der Skala (10) zur Beleuchtung durch 

das Lichtverteilungsmuster (14, 31) und zur Erzeu- 
gung der Streifen (30) in einer Streifenebene 
(30A) zu der von der Skala (10) abgelegenen Seite 
des ersten Gitters (17) umfafit, und bei der die 60 
Erfassungsmittel umfassen ein in der Ebene (30A) 
gelegenes zweites Gitter (18), um eine Lichtmodu- 
lation infolge der Bewegung der Streifen (30) zu 
zeigen; wobei das Licht von dem Lichtvertei- 
lungsmuster (14, 31) aufeinanderfolgend durch 65 



das erste und das zweite Gitter (17, 18) zu der von 
dem ersten Gitter (17) abgelegenen Seite des 
zweiten Gitters (18) hindurchtritt und eine an der 
abgelegenen Seite des zweiten Gitters (18) vorge- 
sehen Fuhleranordnung (20) zum Erfassen der 
Modulation. 

4. Vorrichtung nach Anspruch 3, bei der die 
Parameter (D2, u, v) des Lesekopfes (12) gegeben 
sind durch Ausdrucke: 

1/u+1/v=X/(nxD2 2 ) (1) 

D2/D3=u/(u+v) (2) 

D2/D1 =v/(u+v) (3) 

wobei: 

u=der Abstand zwischen einer das Lichtvertei- 
lungsmuster (31) enthaltenden Ebene (31 A) und 
dem ersten Gitter (17); 

v=der Abstand zwischen den Gittern (17, 18); 

A=die Lichtwellenlange; 

D1=die Schrittweite der Nenn-Periodizitat; 

D2=die Schrittweite des ersten Gitters (17); 

D3=die Schrittweite des zweiten Gitters (18); 
und 

n=eine positive ganze Zahl. 

5. Vorirchtung nach Anspruch 3, bei der die 
Parameter (D2, u, v) des Lesekopfes (12) gegeben 
sind durch die Ausdrucke: 

D2/D3=2u/(u+v) (4) 

D2/D1=2v/(u+v) (5) 

wobei: 

u=der Abstand zwischen einer das Lichtvertei- 
lungsmuster enthaltenden Ebene und dem ersten 
Gitter (17); 

v=der Abstand zwischen den Gittern (17, 18); 
D1=die Schrittweite der Nenn-Periodizitat; 
D2=die Schrittweite des ersten Gitters (17); und 
D3=die Schrittweite des zweiten Gitters (18). 

6. Vorrichtung nach Anspruch 1, bei der das 
Raumfilter (F) eine optische Apertur (16F) besitzt, 
die bemessen ist zum Lesen eines entsprechen- 
den Abtastbereiches (16) der Skala und das Filter- 
band (FB) umgekehrt proportional zu dem Abtast- 
beretch ist. 

7. Vorrichtung nach Anspruch 1, bei der das 
Raumfilter (F) eine optische Apertur (16F) besitzt, 
die bemessen ist zum Lesen eines entsprechen- 
den ersten Lesebereichs (16S1) der Skala (10), 
und Begrenzungsmittel (15) zum Begrenzen der 
Skala (10) auf einen zweiten Lesebereich (16S2) 
kleiner als ein besagter erster Lesebereich (16S1), 
wodurch ein Abtastbereich (16) der Skala definiert 
ist durch den zweiten Lesebereich (16S2), und das 
Filterband (FB) zu dem zweiten Lesebereich 
(16S2) umgekehrt proportional ist. 

8. Vorrichtung nach Anspruch 6 Oder Anspruch 
7, bei der eine dominante Periodizitat (P1) der 
Skala (10) definiert ist durch mit Abstand langs 
der Skala vorhandene Positionen (P), wobei die 
dominante Periodizitat gleich der Nenn-Periodizi- 
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des Baumfilters (F) ist. eine besagte Skalenmar- 
rung (14) im wesentlichen an jedet ^sagten 
sition P)v6rgesehenist.sodaBd.eAbstandhal-- 

, g der Markierungen (14) zumindest '""erhalb 
_ u — »;^h-»e cifil aleichmaBig ist und 

endwelche UngleichmaB.gke.ten in der 
.standhaltung der Markierungen innerhalb des 
.rchlaBbandes (FB1) des Filters ■WJiegen. 
3. Vorrichtung nach Anspruch 6 oder 1 be, de 
u dominante Periodizitit (PD der Skala (10) 
■rch gleichmiB.g lings der Skala (10) m.t 
>standen versehene dominante Posmonen <P 
ifiniert ist, wobei die dominante Periodical (PI ) 
e Cn der Nenn-Periodizitat (D1, F1) des Raumfil- 
rs (F) ist. mindestens zwei Skalenmarkierungen 
4/1) an jeweiligen besagten Positionen (P) mner- 
3 lb des Abtastbereiches (16) vorhanden smd. 
jkundare besagte Markierungen (14/2) an der 
kala (10) an gegen die dominanten Positionen (P) 
«e Stellen vorgesehen sind. urn dadurch 
ekundir-Periodizititen (P2) zu schaffen die s.ch 
urn Bestimmen eines Skalenbandes (SB1) kombi- 
ieren, und das Skalenband (SB1 mnerhalb des 
HirchlaBbandes (FB1) des Filters (F) l.egt. 

10. Vorrichtung nach Anspruch 9, bei der das 
taumfilter (F) eine Ansprechkurve tf=a best.mmt 
velche einen Bereich von n»W**- »• 
jroBer als das DurchlaBband (FBI) des Filters (F 
berdeckt. wobei die Sekundar-Penod.zrtaten (P2 
s ,ch mindestens uber den groBeren Bereich (FB2) 

5 ?rvor n richtuna nach Anspruch 1, bei der eine 
dominante Periodizitit (PI) der skaia ouru.. ..... 

gSTchem Abstand lings der Skala angeordnete 
Positionen (P) bestimmt ist. die dominante i Peno- 
dizitit (P1) gleich der Nenn-Penod.zitat (D1, F1) 
des Raumfirters (F) ist und die Skalenmarkierun- 
gen (14) nuran ausgewihlten der besagten domi- 
nanten Positionen (F3) vorgesehen s.nd. 

12 Vorrichtung nach Anspruch 6 oder 7 bei der 
der Lesekopf (12) eine Lichtque.le (15) entha.t ^ die 
zur Beleuchtung der Skala (10) an dem Abtastbe- 
Sich (16) positioniert ist und durch Reflexion , an 
den Markierungen (14) das das Brechungsm.ne 
(17) beleuchtende Lichtverteilungsmuster (14, 3D 

e Ts U Vorrichtung nach Anspruch 12 in Abhingig- 
keit von Anspruch 7, bei der die L'chtquelle (15) 
"urn Beleuchten nur des ^iten Ablesebereichs 
(16S2) ausgelegt ist, urn dadurch den Abtastbe- 
reich (16) zu begrenzen. . 

14 Vorrichtung nach Anspruch 1. be. der die 
Sekundir-Periodizititen infolge einer Zuf allsvana- 
tion des Wiederholabstandes der Markierungen 
lings der Skala entstehen. . . . , 

15. Vorrichtung nach Anspruch 1, bei der die 
Sekundir-Periodizititen infolge einer rampenfor- 
migen Verinderung des Wiederholabstandes der 
Markierungen entstehen. . 

16 Vorrichtung nach Anspruch 1. bei der die 
Sekundir-Periodizititen infolge einer sinusformi- 
gen Verinderung des Wiederholabstandes der 
Markierungen entstehen. 

17 Vorrichtung nach Anspruch 1, bei der die 
Sekundir-Periodizititen infolge von Kratzern oder 
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ahnlichen Unvollkommenheiten_de.r_Ska|a entste- 

h Ts. Vorrichtung nach Anspruch 1, bei der das 

"RVumfiitertR^^ 

16S1- 16S2) besitzt und das Durchla&band (Mil. 
FB2) durch das Ausm.aS der Apertur bestimmt ist. 

19 Vorrichtung nach Anspruch 5, bei der Para- 
meter des Lesekopfes (1 2) zusitzlich gegeben smd 
durch den Ausdruck 

1/u+1/v=M(n+i)xD2 2 ] (6) 

wobei X die Wellenlinge des benutzten Lichtes ist 
20. Vorrichtung nach Anspruch 5 oder 19. bei der 
das periodische Brechungsmittel (17) ein Phasen- 
gitter ist. 

Revendications 

1 Appareil pour mesurer le deplacement entre 
deux elements (11. 13). comprenant: 

a) une graduation (10) sur un des elements, 
possedant des reperes (14; 14/1 ; 14/2) defin.es par 
un modele lumineux, . M . , ,. a „ tn 

b) uhe tete de lecture (12) prevue sur I autre 

element (13). , . .. ia M7 . 

c) des moyens de diffraction per.odiqueJ17) 
Drevus dans la tite de lecture pour ur.e ■nteractscrs 
avec le modele lumineux afin de produ.re des 
franges d'interference (30) possedant un move- 
ment par rapport a la tete de lecture ^ (121 ^ en 
reponse h un deplacement entre les deux elements 

' ' d) une periodicite nominate (D1, M) etant ae i*i- 
minee par la tete de lecture, qui est 'a penodiatt 
que doit posseder la graduat.on afin de satisf aire 
aux parametres optiques (D2, u. v) de la tete de 

16 e) U desmoyens de detection (18. 20) pour detec- 
ter le mouvement precite. caracterise en ce que 

f) les reperes de graduation (14; 14/1. 14/2) 
possedent des periodicites secondaires (24; ; P I A; 
P1B- Px; P1C; P2) decalees de deviations (D) par 
rapport a la periodicite nominale (D1, F1), 

g) des moyens (16; 16F; 16S1; 15, 16S2) sont 
prevus pour definir la longueur dune region 
d'echantillonnage effectif de la graduation (10), 
seule la lumiere provenant de cette region 
d'echantillonnage effectif contribuant i la produc- 
tion des franges d'interference (30), 

h) les moyens de diffraction (17) et les moyens 
precites (16; 16F; 16S1; 15 16S2) pour defin.r a 
longueur d'une region d'echant.llonnage effectif. 
constituent un filtre spatial (F) passant la periodi- 
cite nominale (D1, F1), et 

i) le filtre (F) possede une bande passante {i-tn , 
FB2) determinee par la longueur de la region 
d'echantillonnage effectif et definissant une devia- 
tion (D) maximale, de sorte que les periodicites 
secondaires en dessous de cette deviation maxi- 
male contribuent i la production des franges (30), 
tandis que les periodicites secondaires au-dessus 
de cette deviation maximale (D) ne contnbuent pas 
a la production des franges (30). 

65 2. Appareil selon la revendication 1 , dans lequel 
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les moyens. de, diffraction JJgLcom^ennent un 
reseau de diffraction (17) distant de la graduation 
(10) afin d'etre eclaire par le modele lumineux (14, 
31) et de procluire les f ranges -de diffraction^ 30) 
sur un plan (30A) distant du reseau (17) du cote de 
ce dernier qui est oppose h la graduation (10). 

3. Appareil selon la revendication 1, dans lequel 
le filtre spatial (F) comprend un premier reseau de 
diffraction (17) distant de la graduation (10) afin 
d'etre eclaire par le modele lumineux (14, 31) et 
de produire les franges (30) sur un plan de 
f ranges (30A) du cote du premier reseau (17) qui 
est oppose h la graduation (10), et dans lequel les 
moyens de detection comprennent un deuxidme 
reseau (18) situe sur le plan (30A) pour reveler 
une modulation lumineuse par suite du mouve- 
ment des franges (30), la lumiere provenant du 
modele lumineux (14, 31) passant successive- 
ment par les premier et deuxieme reseaux (17, 18) 
du cote du deuxidme r6seau (18) qui est oppose 
au premier reseau (17), et un ensemble detecteur 
(20) est prevu sur ce c6t6 oppose du deuxieme 
reseau (18) pour detecter ta modulation precitee. 

4. Appareil selon la revendication 3, dans lequel 
les parametres (D2, u, v) de la tete de lecture (12) 
sont fournis par les expressions suivantes: 



1/u+1/v=A/(nxD2 2 ) 
D2/D3=u/(u+v) 
D2/D1=v/(u+v) 



(1) 
(2) 
(3) 



ou: 

u=distance entre un plan (31a) contenant le 
modele lumineux (31), et le premier reseau (17); 
v=distance entre les reseaux (17, 18); 
A=longueur d'onde de la lumiere; 
D1=pas de la periodicite nominale; 
D2=pas du premier reseau (17); 
D3=pas du deuxieme reseau (18); 
n=integrateur positif. 

5. Appareil selon la revendication 3, dans lequel 
les parametres (D2, u, v) de la tete de lecture (12) 
sont fournis par les expressions suivantes: 



D2/D3=2u(u+v) 
D2/D1=2v/(u+v) 



(4) 
(5) 




ou: 

u=distance entre un plan (31a) contenant le 
modele lumineux, et le premier reseau (17); 
v=distance entre les reseaux (17, 18); 
D1=pas de la periodicity nominale; 
D2=pas du premier reseau (17); 
D3=pas du deuxieme reseau (18). 

6. Appareil selon la revendication 1, dans lequel 
le filtre spatial (F) possede une ouverture optique 
(16F) dimensionnee pour lire une region d'6chan- 
tillonage correspondante (16) de la graduation, et 
la bande filtrante (FB) est inversement proportion- 
nelle a cette region d'echantillonnage. 

7. Appareil selon la revendication 1, dans lequel 
le filtre spatial (F) possede une ouverture optique 
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(16F) dimensionnee pour lire une premiere plage 
~3e Tectu re cdrrespdndante ( 1 6ST)"de la g raduation 
(10), et des moyens limiteurs (15) pour limiter la 
graduation-(-10)-a_une_deuxi6m.e_plage de lecture 
(16S2) au-dessus de la premiere plage de lecture 
(16S1), de sorte qu'une region d'echantillonnage 
(16) de la graduation est definie par la deuxieme 
plage de lecture (16S2), et la bande filtrante (FB) 
est inversement pro portion nelle £ cette deuxieme 
plage de lecture (16S2). 

8. Appareil selon la revendication 6 ou 7, dans 
lequel une periodicite dominante (PI) de la gra- 
duation (10) est definie par des positions (P) 
espacees le long de la graduation, cette periodi- 
city dominante etant egale a la periodicity nomi- 
nale du filtre spatial (F), un repfcre de graduation 
(14) est prevu sensiblement a chaque position (P), 
de sorte que I'espacement des reperes (14) est 
uniforme au moins & I'interieur de la region 
d'echantillonnage (16), et tous les eventuels 
defauts d'uniformite de I'espacement des reperes 
se situent dans la bande passante (FB1) du filtre 
(F). 

9. Appareil selon la revendication 6 ou 7, dans 
lequel une periodicite dominante (P1) de la gra- 
duation (10) est definie par des positions domi- 
nantes (P) regulierement espacees le long de la 
graduation (10), cette periodicity dominante (P1) 
est egale £ la periodicite nominale (D1, F1) du 
filtre spatial (F), au moins deux reperes de gra- 
duation (14/1) sont presents a des positions (P) 
respectives a I'intyrieur de la rygion d'echantillon- 
nage (16), des repyres secondaires (14/2) sont 
pryvus sur la graduation (10) h des positions 
decaiyes par rapport aux position dominantes (P), 
de maniere k fournir des periodicitys secondaires 
(P2) qui se combinent pour definir une bande de 
graduation (SB1), et la bande de graduation se 
situe dans la bande passante (FB1) du filtre (F). 

10. Appareil selon la revendication 9, dans 
lequel le filtre spatial (F) d§finit une courbe de 
reponse (Fa) couvrant une plage de periodicites 
(FB2) plus grande que la bande passante (FB1) du 
filtre (F), et les periodicitys secondaires (P2) 
s'etendent au moins sur cette plage plus grande 
(FB2). 

11. Appareil selon la revendication 1, dans 
lequel une pyriodicite dominante (P1) de la gra- 
duation est definie par des positions (P) reguliere- 
ment espacees le long de la graduation cette 
periodicite dominante (P1) etant egale a la perio- 
dicite nominale (D1, F1) du filtre spatial (F), et les 
reperes de graduation (14) sont prevus unique- 
ment a des positions dominantes syiectionnees 
(F3). 

12. Appareil selon la revendication 6 ou 7, dans 
lequel la tete de lecture (12) comprend une source 
lumineuse (15) positionnee pour eclairer la gra- 
duation (10) sur la region d'echantillonnage (16) 
et, par reflexion sur les repdres (14), pour pro- 
duire le modele lumineux (14, 31) eclairant les 
moyens de diffraction (17). 

13. Appareil selon la revendication 12, dans 
lequel la source lumineuse (15) est concue pour 
eclairer uniquement la deuxieme plage de lecture 
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*16S2), delimitant ainsi la region d'echantillon- 

nage (16). _,. . „ , „ 

,4— Appare il S elon la-revendication-1 ,~dans_ 

lequel les periodicites secondaires surviennent 

i'~4*~* ri'ttna variation aleatoire de la 

periode des reperes le long de la graduation. 

15 Appareil selon la revendication 1, dans 
lequel les periodicites secondaires surviennent 
sous I'effet d'une variation en forme de 
rampe de la periode des reperes. 

16 Appareil selon la revendication 1, dans 
lequel les periodicites secondaires surviennent 
sous I'effet d'une variation sinusoTdale de la 
periode des reperes. 

17 Appareil selon la revendication 1, dans 
lequel les periodicites secondaires surviennent 
sous I'effet de rayures ou imperfections simi- 
laires de la graduation. 
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^ 8r -Appareil~selon-4a -revindication- 1 , _dans. 



lequel le filtre spatial (F) possede une ouver 
ture^pptique (16; 16F; 16S1; 16S2). le la 



bande ^assante (FB1; FB2) est defmie par 
I'etendue de cette ouyerture. 

19 Appareil Seiun «a i a voi . -» 

lequel les parametres de la tete de lecture 
(12) sont en outre fournis par I'expression sui- 
vante: 



1/u+1/v=M(n+1/2)xD2 2 ] 



(6) 



ou X est la longueur d'onde de la lumiere 
employee. 

20. Appareil selon la revendication 5 ou 19, 
dans lequel les moyens de diffraction penodi- 
ques (17) consistent en un reseau de phase. 
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